Abstract. We present V -and I-passband photometry of massive stars in the Cyg OB1 and Cyg OB2 associations, based on about 80 observing nights spanning 300 days in the 2011 season. The variability of 22 supergiants and 48 OB-stars with luminosity classes III-V is analyzed. We report two new variable OB stars and 15 variable supergiants of which four are new discoveries. The light variations of Schulte 12 are interpreted as microvariability. We also present light curves of the red supergiants BC Cyg and BI Cyg which exhibit brightness drop of more than 0.4 mag during the season.
INTRODUCTION
The most luminous stars comprise supergiants across the HR diagram and Oto early B-type stars of all luminosity classes. As stars of high mass, they evolve fast and are the major progenitors of type II supernovae, therefore playing an important role in the chemical evolution of the Universe.
An important factor in understanding the evolution of massive stars is their variability. The knowledge about photometric and spectroscopic variability places observational constraints on the modeling of their internal structure and atmospheric layers, and on deriving mass-loss rates.
Generally, supergiant stars of spectral classes from O to F are expected to exhibit microvariability. For early-type stars, typical time scales (quasi-periods) are days or weeks, while for later-type stars they reach a few hundred days (van Leeuwen et al. 1998 and references therein). Investigations of microvariability have been carried out using photoelectric observations (van Genderen et al. 1985) and by analyzing broad-band photometric observations made with the Hipparcos satellite (van Leeuwen et al. 1998) . Also high-precision high-duty-cycle photometry of a few supergiant stars has been obtained with the MOST and CoRoT satellites (e.g., Aerts et al. 2010) .
In 2011 we started photometric observations of selected regions in the northern OB associations in order to map photometric variability of massive stars across Turner & Forbes (1982) , and spectral classes for many members of this cluster have been provided by Massey et al. (2001) . Joshi et al. (1983) determined photoelectric UBV magnitudes and colors for stars in the NGC 6913 field, while Wang & Hu (2000) carried out a spectroscopic survey in the cluster. Boeche et al. (2004) classify several luminous stars in NGC 6913 as spectroscopic binaries. However, none of these works concentrate on the variability of stars.
In the Cyg OB2 area, Massey & Thompson (1991) reported UBV photometry for about 800 stars and determined spectral classes of the intrinsically bluest stars. Pigulski & Kolaczkowski (1998) carried out a photometric monitoring of the central region of Cyg OB2, finding several new variables. Henderson et al. (2011) present results of a deep photometric study, covering most of the Cyg OB2 area; they found 121 faint variables. Kiminki et al. (2012 and references therein) conducted a radial velocity survey in Cyg OB2 to search for massive close binaries; they have determined orbital solutions for several of them.
OBSERVATIONS AND DATA REDUCTION
Three fields in Cygnus were photometrically monitored throughout the 2011 season (March-December). The number of observing nights for each field is given in Table 1 . Observations were carried out with the commercial 0.25 m Takahashi Epsilon telescope (iTelescope.net T4), located in Mayhill, New Mexico, U.S.A. A SBIG ST-10 CCD camera (2184 × 1472 pixels, field of view 60.5 × 40.8 arcmin) was used, equipped with B, V and I filters. Each observation consisted of three exposures in V and I passbands. On some nights, additional three exposures in B were obtained.
Raw CCD data were reduced using routines in the IDL Astronomy User's Library 1 , following the workflow described by Tuvikene (2012) . Raw frames were calibrated using bias, dark and flat frames. Master flat frames were constructed individually for each observing night by averaging twilight flat frames from five different nights. Magnitudes were extracted with the means of aperture photometry. Aperture sizes were scaled with the full width at half maximum (FWHM) of star images and an aperture radius of 1.8×FWHM was used throughout. Poor-quality data were rejected on the basis of Bouguer plots. Systematic effects, depending on the telescope being on the East or West side of the pier, were corrected by comparing differential magnitudes from frames taken on the same night in both configurations.
Comparison stars were chosen among constant stars located close to each other and having similar V -I color indices as the observed OB stars. Differential light curves were constructed by combining fluxes of two (fields 2 and 3) or three comparison stars (field 1).
RESULTS
For assessment of variability, we define the variability index as a ratio between the standard deviation of all magnitudes in a light curve and the internal root-mean-square (r.m.s.) noise, as described by Kjeldsen & Frandsen (1992) . The internal r.m.s. noise is calculated from the difference of consecutive magnitudes during the same night. The variability index is close to 1 for constant stars, while the index value above 1.5 suggests photometric variability.
In Table 2 we list 22 supergiants and 5 non-supergiant OB stars in the observed fields with their published spectral types and the V magnitude range (maximum minus minimum) from our study. The range is given only for stars that have the variability index over 1.5. Stars that show light variations owing to binarity, have been omitted from the list.
The variability index and the magnitude range as a function of the effective temperature (T eff ) are plotted in Figure 1 . Effective temperatures were estimated from spectral types, and the relation between spectral type and log T eff is taken from de Jager & Nieuwenhuijzen (1987).
DISCUSSION
As seen in Figure 1b , supergiants with log T eff between 4.2 and 4.35 (corresponding spectral classes B1-B3) exhibit larger V ranges than other OB supergiants in our selection. This result is in agreement with van Gendren (1989) who found no constant supergiants between spectral classes O9 and A0. However, in our selection we have a few O9-A0 supergiants which do not show significant light variability during one season.
In the Berkeley 87 field, we find two new variable stars: HD 194303 and BD+36 4048. We confirm variability of VES 203, suspected by Turner & Forbes (1982) , while another suspected variable VES 204 does not meet our variability-index criterion.
We report two new photometric variable stars in the NGC 6913 field: HD 229171 and HD 194153. Four other variables (HD 229238, HD 229239, HD 229234 and HD 229253) were found to be spectroscopic binaries by Boeche et al. (2004) , but their photometric variability has not been mentioned before.
In Cyg OB2, we find two new variables, Schulte 10 and 30, the latter showing high-amplitude variations. Schulte 8C and Schulte 11, suspected spectroscopic variables , also exhibit light variability.
Schulte 12 is a notable star in our study. It is considered to be one of the most luminous and reddened objects in the Galaxy. Kiminki et al. (2007) classify the star as B3 Iae and report evidence of a temperature-class variation between B3 and B8. The photometric variability of Schulte 12 was noticed by Gottlieb Figure 2 . Light variability seems to be without a clear period, although the light curve suggests a time scale of the order of 30 days. We interpret the brightness variations as micro-variability. The mild trend in our observed V -I color can be a photometric evidence for the suspected spectral-type variability, but systematic errors cannot be ruled out at this stage.
There are also three red supergiants (spectral class M) in our fields. The light curves of BC Cyg and BI Cyg are shown in Figure 3 . According to the GCVS 2 , BC Cyg is a semiregular variable of type SRc with a period of 700 days; Kiss et al. (2006) have found a period of 720 ± 40 days. Our observations, indicating almost 0.5 mag brightness drop during about 300 days, are consistent with such a period.
BI Cyg and KY Cyg in the GCVS are listed as irregular variables of type Lc without known period. For BI Cyg, Percy & Terziev (2011) list the magnitude range of 8.4-9.9 and give a period of 300 days for variations with an amplitude of 0.03 mag. The light curve of BI Cyg shows a magnitude drop of 0.46 mag in about 300 days, with additional smaller-scale variations that might explain the suggested period. KY Cyg also exhibits significant variations of more than 0.4 mag in V . All these red supergiants deserve further long-term observations to find possible periodicities in their light variations.
